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INTRODUCTION 
"What a piece of work is man!"1 The human body is an org-
anized structure of approximately 100 million cells possessing 
parts ( organs) capable of performing truly complex functions.2 Each 
part inextricably linked to another because of the common cell phys-
iology and metabolism. 
This interaction stimulates a question that served as a basis 
for our thesis. 
Are there any ocular manifestations as a result of the myriad of 
changes that occur during a woman's pregnancy? 
The literature is replete with references to the ocular changes 
that occur with a toxemia of pregnancy. But what of a normal preg-
nancy? Might there be some changes which would be predicted or, at 
least, suspected? Let us examine some of the responses that women 
make during pregnancy and hypothesize how these might affect the oc-
ular system. 
Maternal Alterations During Pregnancy3 
Fetus 
Fluid and Membranes 
Uterine Enlargement 
Breast Enlargement 
Maternal Fluid Increase 
7 lbs. 
4 lbs. 
2 lbs. 
3 lbs. 
8 lbs. 
24 lbs. 
Note the maternal fluid increase of eight pounds. The cornea 
is a heterogeneous tissue that is maintained at a hydration leveJ of 
about 75-80% of its w�ight.4 Since corneal transparency is highly 
dependent on the water content and, since, the woman's body is re-
taining water to a high degree, then this is certainly an area 
(2) 
where we might expect some interaction. 
The following comments are taken from the proceedings of an 
international congress on contact lenses. 5 
1•A few cases have been observed in which the corneal 
topography was altered by pregnancy or by the inges­
tion of oral contraceptives • • • •  
We regard this as evidence of a relationship between 
corneal µhysiology and the endocrine system--a fac­
tor that should be investigated." 
11The question of pregnancy comes up. Every once in 
a while I hear about a woman who no longer needs 
correction of any kind during the period that she is 
pregnant and, as soon as she has the baby, she has to 
wear the glasses or contact lenses again. Again, 
this points to the endocrine problem and something 
we should investigate." 
"A change in the corneal structure ( increase in curv­
ature ) may be the result of �teep-fitting lenses 
with symptoms of foggy or smoky vision and of burning 
of the eyes and tearing when the patient moves to an 
area of higher altitude. Such symptoms often are ap­
parent in the premenstrual period, in those taking 
birth control medication, at the times when body fluids 
are retained to a greater degree." 
Another author had the following advice: 6 
"One would be ill-advised to go through with a fit­
ting at the beginning of a pregnancy. Corneal plas­
ticity and the eventual changes in the shape of the 
cornea make us think that the fitting will have to 
be completely reconsidered after the end of the 
pregnancy." 
The increase in body fluid is probably a manifestation of ster­
oid hormones which act on the kidneys to cause fluid retention. 
(3) 
However, our concern is not in this area. This paper reports the 
results of a pilot study concerning obvious gross clinical effects. 
The correlation between the physiological changes and hormone con­
centrations are left to other researchers. 
The comments from the authors above led us to suspect that 
ophthalmometry findings during the course of the pregnancy would 
change. 
On the other hand, the back surface of the cornea is contin­
ually Hbathed" by fluid. Should then a percentage increase in 
fluid volume affect the cornea? The endothelium is primarily re­
sponsible for maintaining corneal dehydration. 4 As long as that 
structure remains intact we might expect the water level of 75-80% 
to be maintained. 
During gestation, the cardiac output is also 30 or 40% higher 
than normal. If we ssume that the peripheral resistance of the 
vascular system remains constant, then we would expect the increased 
cardiac output to produce a concomitant hyper tension. On theore­
tical grounds, intraocular pressure should rise about one millimet­
er Hg for each 10 millimeters Hg increase in mean brachial artery 
pressure.4 However, no steady state relationship between systemic 
blood pressure and intraocular pressure has ever been demonstrated. 
Therefore, we did not take tonometry measurements but decided rath­
er on the simple expedient of fundus examination for observing signs 
of hypertension. Albeit a gross procedure, hemorrhagic signs and/or 
cotton-wool patches would definitely indicate that the retinal cap­
illary bed was influenced by the systemic blood pressure. 
There is an increased metabolic rate throughout the body be-
(4) 
cause of the increased utilization of oxygen. Further, the blood 
volume is some 30% greater than normal at the end of pregnancy.3 
Might there be a change in the ocular muscle tonus as a result of 
these factors? Ad1er states: uour knowledge of what constitutes 
tonus is as yet incomplete."2 We formulated no hypothesis in this 
area but harbored a suspicion that changes would be noted and 
tested accordingly. 
METHODOLOGY 
Our objective in testing was to sample important visual fund-
tions adequately and briefly. The areas of investigation were: 
1. Refractive State 
2. Accommodation 
3. Convergence 
4. Vertical and Lateral Heterophoria 
5. Central Corneal Curvature 
6 .  Ocular Health as manifest�d by Fundus Observation 
Our examination of subjects was conducted in coordination with 
regular obstetric care progress exams. The specific tests selected 
were based upon a thirty minute progress exam period. 
The following is an outline description of the procedures em-
ployed during the progress exam period: 
A. Refractive State--117An 
1. Introduce the 7A determined during the initial 
exam 
B. Heterophoria-Lateral 
1. A single vertical line of test type of best ac­
uity is presented on distant chart 
2. The Von Graefe technique is utilized with dis­
sociating prism before Jeft eye and measuring 
prism befire right 
3. Add plus to reversal and an additional 1.00 D 
of plus 
4. Reduce plus in 0.25 D steps to reversal again 
(record 14B) 
(5) 
c. Accommodative Amplitude--Monocular 
1. A five let ter word is t yped on a white card 
2. The subject is instructed t o  close her eyes 
behind the phoropter 
3 . The white card is placed in apposition to 
the right eye well of the phoropter. OS is 
occulded 
4. Subject is instructed t o  open her eyes and 
call the word when first recognized 
5. Card is moved away until word is called. 7Ph­server records card-to-phoropter distance · 
6. Card is moved further away until subject re­
ports that word is »clear". Observer records 
card-to-phoropter.distance 
D. Convergence--Near Point of Binocularit y  
1. Subject will move a bead along her midline un­
til she reports "two" 
2. Observer will record distance bet ween bead and 
nasion 
E. Heterophoria--Vertical 
1. A red Maddox rod is placed before the left eye 
2. Loose prisms are used to neutralize the pro­
jected light spot and red streak using a ••flash" 
or "screen" met hod 
F. Ophthalmoscopy 
1. Only gross observations--no quantification 
G. Ophthalmometry 
1. 0elf explanat ory 
Our initial examination of each subject provided additional in-
format ion to be used as baseline data. These included: 
1. Cover t est--to ensure binocularity 
2. Monocular light fixation--to assess quality of fix­
ation 
3. PD determination 
4. Baseline refraction 
a. increase plus in 0.25 D steps to 20/20 
b. decrease plus monocularly to 20/20 visibiltiy 
c. perform clockdial determination of cylinder 
axis power 
(6) 
d. bichrome test for sphere 
e. cylinder refinement with JCC 
f. 20/40 equalization 
g. reduce plus to best visual acuity 
5. Test sensitivity to i prism diopter in vertical 
heterophoria test 
SAMPLE 
As mentioned before, the visual examinations were conducted as 
an adjunct to regular obstetric care. For the most part, then, the 
visual findings were taken on a monthly basis. 
The study began with 33 women. Due to miscarriages, moves and 
other factors, our sample size for statistical pur�oses was 23. 
The first examination for 4 subjects took place in their second month 
of pregnancy, for 7 subjects in their third month, for 8 subjects in 
their fourth month and the remaining 4 in their fifth month. 
The subjects were all Caucasian and ranged in age from 18 to 32. 
All subjects were in good health throughout the pregnancy and 
required then only the standard complement of prenatal medication. 
In other words, the medication was not of a nature which would be con-
sidered outside our definition of a lfnormal pregnancyrr. 
RESULTS 
Data was collected on 23 women experiencing normal pregnancies. 
As mentioned earlier, the first examination of each subject constituted 
the baseline data. At every visit a refraction (described earlier) 
was performed. One Subject, AS, was a full-time contact lens wearer. 
Her refraction was performed immediately unon removal of the contact 
lenses. An equivalent sphere was calculated and compared· to the e-
quivalent sphere determined j_n the baseline data. These differences 
are presented as the first set of data in Graphs in I-A, I-B, and I-C. 
(7) 
A mean and standard deviation for each month was calculated: 
Table I: Change in Equivalent Sphere of Subjective 
Refraction from Baseline Data 
Mean Difference Standard 
Month from Baseline Deviation 
L� -0. 16 D 0.30 D 
5 -0.06 D 0.25 D 
6 -0.02 D 0 .2l� D 
7 -0.02 D 0.34 D 
8 -0.05 D 0.34 D 
9 -0.06 D O.L1 7 D 
The mean values of this month-to-month cross-sectional study 
indicate that the change in refraction from one month to the next 
is negligible. The largest differences noted are a little over one-
eighth of a diopter. 
The standard deviations for most months are between 0.24 D and 
0.34 D with the exception of the last month. Note that the standard 
deviation for this month is strongly influenced by the two entries 
from the contact lens wearer. Without these data, the revised 
mean and standard deviation are: 
Mean' Standard Deviation 
+.07 0.34 D 
The variability over the months for the contact lens wearer re-
fleets what we would expect in terms of "spectacle blur", rather than 
physiological changes as a result of pregnancy. We will see this more 
clearly later when we compare longitudinal analysis for each subject. 
While we haven't presented any data on the change in cylinder 
and axis orientation, *e can qualitatively say that difference� 
observed were minimal. 
Overall, we con6lude that the equivalent sphere doesn't vary 
( 8) 
significantly from month-to-month. Intuitively, the standard de-
viation is within the combined accuracy of subjective testing tech-
niques and our 11two-examiner" testing. 
The same ty�e of cross-sectional analysis was performed with 
ophthalmometry data. Again differences were plotted from the base-
line data and these are shown on Graph II-A, II-B, and II-C. 
The following statistics were derived from the data: 
Table II: Change in Corneal Curvature 
from BaseJJ.ne Data 
Standard 
Month Mean Change Deviation 
---
4 -0. 10 D 0.30 D 
5 +0.05 D o. 13 D 
6 +0.01 D 0. 16 D 
7 +0.02 D 0. 14 D 
8 +0.02 D o. 13  D 
9. +0.08 D 0. 19 D 
Unquestionably, these data are much "tighterif than the ?A 
equivalent sphere. With the exce�tion of the fourth month, the 
mean difference from the baseline data is extremely small. Further, 
the standard deviation is only 0.12 D and reflects the lower varia-
bility inherent in objective t�sting. With regard to the fourth 
month, you will note our finding showing a difference of 1.50 D 
in corneal curvature. This is probably a mistake in reading the 
instrument rather than representing a true change. It occurred for 
one subject who, otherwise, did not show a change greater than 0.25 D. 
Without this one finding the mean and standard deviation are revised 
to: 
Month Mean Standard Deviation 
4 -. 037 O. 14 D 
It is interesting to compare the equivalent sphere 7A and oph-
(9) 
thalmometry readings on a month-to-month basis. Although the 
changes are very small, the paralleJ between the corneal steepen-
ing and the "minustt refraction is obvious. But again, the mag-
nitude of these differences would hardly be of significance to 
any clinical refractionist or contact lens fitter. 
A longitudinal, statistical analysis was completed for each 
subject. The mean and standard deviation for equivalent 7A spheres 
and opthalmometry readings are presented in Table III. 
For example, over the months of examining L.A., the mean O.D. 
equivalent sphere was -3.62 D with a standard deviation of 0.30 D. 
For the OS a mean refraction of -1.85 D with s equal to 0.10 D. 
I t  is interesting to compare the individual standard deviations 
with the average standard deviation of 0.30 D from the cross-section-
al data. Note that, with the exception of one subject, all other 
subjects showed approximately e1ual or lesser deviations than the 
0.30 D. That one subject, A.S., was the contact lens wearer. As 
mentioned previously, the relatively large deviation undoubtedly is 
attributable to testing immediately subsequent to lens removal (ie. 
spectacle blur). 
Therefore, comparing the cross-sectional data and the longitud-
inal data, we can say the following: 
1. The mean changes and standard deviation are low enough 
that the clinical refractionist would not consider them 
of any significance. Of course, this implies a normal 
distribution, whereby the limits of the standard devia­
tion include 68% of the po:pulation. With the same as­
sumption of distribution, we find that 96% of the preg­
nant population would experience changes within -0.75 D 
( 10) 
(approximately a "20/40 blur").8 
The same type of comparison can now be made regarding opth-
olmometry data. You will note that for the most part the variations 
are clinically insignificant. Even at the two standard deviation 
levels, most of the subjects would have corneal changes less than 
0.25 D. Certainly this would not concern us as contact lens fitters. 
The following exceptions are observed: 
1. H.B. and A.E.--one meridian of four shows a standard 
deviation three times that of the other meridians. 
Error due either to chance (relatively low number of 
data points) or slight error in reading of instrument. 
2. A.G.--Standard diviation of 0.58 D in one meridian. 
Again, in her case, we are convinced the analysis was 
influenced by a 1.50 D change recorded as a result of 
misreading the instrument. 
3. A.S.--This was our contact lens wearer. The subject 
shows uniformly high (relatively) standard deviations. 
A.S. had no symptoms of reduced acuity or discomfort 
until the night before delivery. At that time she re­
ported a blur in vision. 
14B TES'r 
The 14B test was used as one of the near tests to evaluate 
visual performance. This test showed the greatest variability from 
month to month. 
The intention was to relate any visual discomfort with near 
work to a measureable test. It was discovered that very few of the 
subjects did much reading or near work. However, the few that did, 
complained of visual discomfort while reading only during certain 
months. The particular month of the uregnancy, though, was not the 
( 1 1 ) 
same for each subject. 
14B-7A CROSS SECTIONAL EVALUATION 
The data for this test is presented on graphs III-A, III-B, 
and III-C. The test indicates a wide range of variability between 
subjects. There was a general change toward plus in the mean 
14B-7A finding until the eighth month and then a decline in the 
following months. However, it should be noted that the standard 
deviation for this subjective test is about two times that of the 
subjective ?A. The mode 14B-7A finding also indicates an increase 
yntil the sixth month and then decreases. The apparent trend for 
the accomodative system at near is to become less active. 
14B-7A LONGITUDINAL EVALUATION 
The mean and standard deviation for each subject was calculated 
and presented on Table IV. The highest mean was +1.37 with a stan­
dard deviation of 0.14. The lowest mean was -0.41 with a standard 
deviation of 0.14. 
There were three subjects out of 23 who had a near point com­
plaint. A.G. had eye strain when reading during the fourth month. 
The subject's finding showed +1.75 Din the fourth exam. When she 
returned for the sixth month exam, the 14B-7A finding was +1.25. 
She was no longer having eyestrain at near. When she came in for 
the seventh month exam she said ''she had been reading the night be­
fore and her eyes were tired today". Her 14B-7A showed +1.50 D. 
She was examined again after delivering and showed a 14B-7A of +0.50 D. 
She commented that she was no longer having discomfort while reading. 
J.S. reported during her eighth month exam that she was having 
( l 2) 
more discomfort now while reading than during her first trimester. 
Her first trimester findings showed a 14B-7A of -. 25 D one month 
and plane another month. During her eighth month exam, the 14B-7A 
was -0.25 D. There did not seem to be any relation between the 
14B test and visual discomfort. 
Throughout most of the pregnancy of L.T., her 14B-7A finding 
was +.50 D. During the sixth month exam she reported difficulty 
focusing at near and far sometimes. The 14B-7A that day was -.25 D. 
The following month it was back to +. 50 D and no complaints. 
T.B. is an example of someone who had a near 14B-7A finding of 
+.75 D and a large standard deviation of .67 D .  However, she did not 
report any visual discomfort throughout her pregnancy. 
SUMMARY 
Twenty-three women experiencing normal pregnancies were ex­
amined. Data with regard to subjective refraction, ophthalmometry 
and binocular cross cylinder are presented. 
The 07An equivalent sphere changed little on a month-to-month 
basis from the baseline data. The maximum difference noted was 
only -0.16 D. Clinically, we find no change in distance prescrip­
tion should occur during a normal pregnancy. 
Central corneal curvature changes were even less than the 
subjective refraction. The differences observed should be of little 
significance to the contact lens fitter. 
Academically it is interesting to compare the average month-to� 
month differences of the equivalent ?A s�here with the central corn­
eal curvature changes. Although the changes are small, the steep­
ening of the cornea was reflected by an equal degree of trminusu 
(13) 
refraction. 
Data regarding vertical and lateral heterophorias, monocular 
accommodative amplitude, near 9oint binocularity and ophthalmoscopy 
are not presented. Suffice it to say that no gross or clinically 
significant variations were observed. 
The 14B test showed the greatest variability throughout the 
pregnancy. This variability seems to be inherent in the test, it-
self. HThe cross cylinder test is a test of indefinite response in 
that the accommodation may be inhibited, stimulated or apparently 
not respond at a11.11 8 Therefore, individual consideration should 
decide if a near prescription based on the 14B test would help some-
one· during her pregnancy. 
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Table III: Longitudinal Equivalent Sphere 
and Corneal Curvature Data 
"K" Readings 
7A OD OS 
Subject OD OS Horiz. Vert. Horiz. Vert. 
L.A. - -3.62 -1 • 85 x 43.90 44.88 44.51 44. 91 
s 0.30 0. 10 0.07 0. 13 o. 18 0.09 
T.A. -x -0.31 PL 44.59 45.30 44.45 45. 11 
s 0.22 0.20 0. 14 0. 12 0.08 o. 14 
C.B. -x +0.25 +0.58 l+2. 45 43.27 42.41 43.22 
s 0. 13 0. 19 o.oo 0.00 0.08 o. 14 
M.B. - +0. 16 -0.04 41.24 41. 93 41.97 41 .28 x 
s 0.19 0. 14 0.07 o.oo 0.20 0.00 
T. B. -x -5.07 -5.60 1+3 . 1 3 44.29 43.27 44.44 
s 0. 11 o. 14 �. 10 0. 13 0. 10 0.07 
L.C. 
-
x -1.78 -1 .25 47.62 46. 84 47.46 46.59 
s 0.30 0.17 0. 10 0.09 0. 10 0.08 
-D.D. x -0.27 -0.30 44.6 1 44.94 1+4. 70 45.47 
s o. 14 0.17 0. 13 0. 13 0. 1 _1 0. 15 
A.E. 
-
-8.00 -8.68 43.38 44.66 43.62 44.96 x 
s 0.29 0.31 0.08 0.08 0.08 0.26 
G. F. -x -0.50 -0. 17 41. 67 42.61 4 1 • 16 42.90 
s 0 . 29 0.26 0.09 0.20 o.oo 0.07 
K. F. - -3. 17 -3-33 45.00 46.23 45. 15 46. 18 x 
s 0. 14 0. 14 o.oo o.oo o.oo 0.09 
A.G. - +0.35 +0.30 44.32 44.56 44.38 44.70 x 
s 0. 1 I+ 0. 11 0.09 0.58 0.08 0. 18 
C.H. 
-
-1. 6 5 -1.78 44.83 44.83 1+5. 00 45.04 x 
s o. 16 0.32 0. 15 o. 17 o.oo 0. 12 
D.H. 
-
+0.58 +0.50 x 40.70 41.89 40.79 41.89 
s 0. 14 0.33 0. 19 0.08 0. 13 0.08 
C.H. 
-
-0.50 PL l�4. 34 45.26 44.08 44.85 x 
s o. 10 o.oo 0.09 0 . 08 0.04 0. 17 
L.M. - +0.79 +0.75 43. 15 43.62 43.33 43.90 x 
s 0. 19 0. 16 0. 11 0.08 0. 11 o. 12 
D . M. x +0.50 +0.25 45.42 45.84 45.30 4.5. 76 
s 0.00 o.oo 0. 15 0. 10 o.oo o.oo 
(24) 
"K" Readings 
t-..1..A OD OS 
-Sub,ject OD . OS Horiz. V·ert. Tioriz. Vert. 
B.M. 
-
-2.87 -1.83 x 43.55 41+. 26 43.93 l+4· 55 
s o.oo 0.29 o.oo o.oo 0.30 0. 14 
-A.S. x -1 
• 77 -1.90 43. 81 45.92 43.44 45.95 
s 0.46 0.27 0.37 0.29 0.32 0.23 
J .s. 
-x +0.20 +o. 15  42. 86 44.35 42.86 44.55 
s 0. 19 0.22 o.oo 0. 13 o.oo o.oo 
-L.T. x +0.43 +0.50 41. 97 42.86 42.38 43.27 
s o. 14 0. 11 0.07 0. 12 0.07 o.oo 
P.V. - +0.75 +0.55 44.00 4'-+. 94 44.06 44.79 x 
s o.oo 0. 17 0. 12 0.41 0.09 0.09 
E. V. .. +0.50 +0.50 43.97 44.41 44.26 45.00 x 
s o.oo o.oo o.oo o.oo o.oo 0.00 
M.W. - -1 • 10 -1 . 57 44. 18 44.67 44. 41 44.41 x 
s 0.22 0.27 0. 17 0. 13 0. 15 0. 15 
(25) 
Table IV: 14B-7A Longitudinal Evaluation 
Subject Subject 
L.A. 
-
e.29 C.H. - 0.21 x x 
s 0.33 s 0.66 
T.A. 
-x o. 16 D.H. -x 0.63 
s 0.38 s 0.43 
- 0.91 C.H. - -'c>. 41 C. B. x x 
s o. 14 s 0.25 
-
-
M. B. x 0.75 D.M. x 1.37 
s 0.50 s o. 14 
C. B. 
-
0.25 L.M. 
- 0.63 x x 
s 0.71 s 0.34 
- -T.B. x 0.75 B.M. x 0.94 
s o.67 s 0.42 
L.C. 
-
0.83 A.S. 
-
0.75 x x 
s 0.38 s 0.50 
D.R.D. -x 1 • 16 v.s. 
-
x -0.08 
s 0.14 s 0.43 
A.E. 
- o. 13 L.T. - 0.34 x x 
s 0.43 s 0.26 
-· -
G. F. x 0.42 P.V. x 0.54 
s 0.34 s 0.48 
K. F. 
-
x -0. 14 M.W. -x 0.25 
s 0.14 s 0.47 
-
A.G. x 1.29 
s 0.47 
(26) 
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